• The combination of axitinib and crizotinib has a manageable safety and tolerability profile, consistent with the profiles of the individual agents when administered as monotherapy.
and metastasis [6] [7] [8] [9] [10] [11] . Crizotinib is an inhibitor of anaplastic lymphoma kinase (ALK), MET/hepatocyte growth factor receptor, and ROS1 receptor tyrosine kinases and is approved for the treatment of ALK-positive or ROS1-positive metastatic non-small cell lung cancer [12, 13] . Axitinib is a specific tyrosine kinase inhibitor of VEGFRs 1-3 that is approved for the treatment of mRCC after failure of one prior systemic therapy [14, 15] . We hypothesized that combining crizotinib with axitinib would provide greater clinical benefit than VEGFdirected therapy alone.
In this study, the combination of axitinib and crizotinib was tolerable in patients with advanced solid tumors, including mRCC. No patient experienced a dose-limiting toxicity in the dose-escalation phase, and axitinib 5 mg twice daily (BID) in combination with crizotinib 250 mg BID was selected as the MTD. No new safety issues for the combination were identified. The overall adverse events for the different treatment groups were manageable through medical intervention and/or dose modification, and a low proportion of patients discontinued because of toxicity.
The confirmed objective response rate (ORR) for treatment-naïve patients with mRCC receiving axitinib and crizotinib (30%) in this trial was similar to results for single-agent axitinib versus sorafenib as first-line therapy in the phase III trial (32%) [15] . A randomized phase II trial of cabozantinib versus sunitinib (CABOSUN) reported an ORR of 46% for first-line poor-or intermediate-risk patients with mRCC treated with cabozantinib [16] . The median progression-free survival (PFS) observed in the dose-expansion phase cohort 1 (treatment-naïve patients) was 5.6 months (95% CI, 3.5-not reached; Fig. 1 ), which was shorter than the PFS of axitinib alone (10.1 months; 95% CI, 7.2-12.1) as first-line therapy [15] . In CABOSUN, the reported estimated PFS for patients treated with cabozantinib was 8.2 months (95% CI, 6.2-8.8) [17] .
In conclusion, the combination of axitinib and crizotinib in patients with solid tumors has a manageable safety profile, consistent with the profiles of the individual agents administered as monotherapy, and demonstrated antitumor activity in treatment-naïve patients with mRCC. Given the more robust antitumor activity of cabozantinib, and promising trial data for newer immuno-oncology treatments, the antitumor activity reported here does not support further study of axitinib plus crizotinib in mRCC.
TRIAL INFORMATION

Disease
Renal cell carcinoma -clear cell
Solid tumor
Stage of Disease/Treatment Metastatic/advanced
Prior Therapy None
Type of Study -1 Phase I
Type of Study -2 Dose finding and preliminary efficacy
Primary Endpoint
Maximum tolerated dose
Primary Endpoint null
Secondary Endpoint Pharmacokinetics
Secondary Endpoint Efficacy
Secondary Endpoint Biomarkers
Additional Details of Endpoints or Study Design
Patients in the dose-expansion phase were enrolled into two cohorts: patients in cohort 1 had received no prior systemic therapy for mRCC, whereas patients in cohort 2 had one or two prior systemic treatment regimens directed at mRCC, with at least one prior therapy being a VEGF pathway inhibitor, and resistance to the most recently received VEGF pathway inhibitor. 
Investigator's Analysis
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Other
Patients in the dose expansion phase were divided into two cohorts: cohort 1 (n = 21), no prior systemic therapy toward mRCC, and cohort 2 (n = 7), at least one, but no more than two prior systemic treatment regimens directed at renal cell carcinoma, with at least one prior therapy being a regimen containing an approved VEGF pathway inhibitor, and resistance to the most recently approved VEGF pathway inhibitor. For details of patient characteristics, refer to Tables 2 and 3 .
Cancer Types or Histologic Subtypes
Metastatic renal cell carcinoma, cohort 1: 21 Metastatic renal cell carcinoma, cohort 2: 7
PRIMARY ASSESSMENT METHOD: DOSE ESCALATION PHASE
Title Cohort 1
Number of Patients Evaluable for Toxicity 22
Evaluation Method
Patients were monitored for dose-limiting toxicity, which was defined as any of the following events: grade 4 neutropenia; febrile neutropenia; grade ≥3 neutropenic infection; grade ≥3 thrombocytopenia with bleeding; grade 4 thrombocytopenia; any nonhematologic grade ≥3 toxicities, except asymptomatic hypophosphatemia, hyperuricemia without signs and symptoms of gout; or persistent (despite maximal medical therapy) grade ≥3 nausea, vomiting, or diarrhea.
PRIMARY ASSESSMENT METHOD: DOSE EXPANSION PHASE
Number of Patients Evaluated for Efficacy 20
Evaluation Method RECIST 1.1
Response Assessment CR n = 0 (0%)
Response Assessment PR n = 6 (30%)
Response Assessment SD n = 10 (50%) 
Number of Patients Evaluated for Efficacy 7
Response Assessment PR n = 1 (14.3%)
Response Assessment SD n = 3 (42.9%)
Response Assessment PD n = 1 (14.3%)
Response Assessment OTHER n = 2 (28.6%)
ADVERSE EVENTS
Full descriptions of adverse events are shown in Tables 3 and 4 . 
DOSE-LIMITING TOXICITIES
ASSESSMENT, ANALYSIS, AND DISCUSSION
Completion
Study completed
Investigator's Assessment Active but results overtaken by other developments A subset of patients with metastatic renal cell carcinoma (mRCC) are refractory to vascular endothelial growth factor (VEGF) inhibitor treatment, and most patients who are initially responsive eventually develop resistance [1, 2] . Proposed mechanisms of resistance include activation of pathways favoring epithelial-mesenchymal transition, such as tyrosine protein kinase Met (MET), also known as hepatocyte growth factor receptor (HGFR), and changes in the tumor vasculature and dominant VEGF isoform [2] [3] [4] [5] [6] [7] . Preclinical in vivo studies have shown that combining MET and VEGF receptor (VEGFR) inhibition has synergistic effects on tumor growth, angiogenesis, invasiveness, and metastasis [3] [4] [5] [6] [7] [8] . Specifically, studies using VEGF-targeted therapy-resistant and -sensitive animal models showed increased antitumor effect when a VEGFtargeted and a MET-targeted agent were used together [8] . Furthermore, the proven clinical activity of cabozantinib in advanced renal cell carcinoma (RCC) supports use of this combination [9] .
Crizotinib is an inhibitor of anaplastic lymphoma kinase (ALK), MET/HGFR, and ROS1 receptor tyrosine kinases approved for the treatment of patients with ALK-positive or ROS1-positive metastatic non-small cell lung cancer [10, 11] . Axitinib is a specific tyrosine kinase inhibitor (TKI) of VEGFRs 1-3 with proven benefit in mRCC treatment and is approved for patients with mRCC after failure of one prior systemic therapy [12, 13] . We hypothesized that combining the MET inhibitor, crizotinib, with the VEGFR inhibitor, axitinib, would provide greater clinical benefit than VEGF-directed therapy alone.
This study was a phase Ib, open-label, multicenter trial with two phases: a dose-escalation phase in patients with advanced solid tumors to estimate the maximum tolerated dose (MTD) and a dose-expansion phase to examine preliminary efficacy in treatment-naïve patients with mRCC. Safety, pharmacokinetics, and biomarkers were also assessed. In the dose escalation phase, patient de-escalation and escalation of axitinib and crizotinib followed the modified toxicity probability interval (Table 1 ) [14] .
In the dose-expansion phase, patients were enrolled into two cohorts: cohort 1 patients had no prior systemic mRCC-directed therapies, and cohort 2 patients had one or two prior systemic mRCC-directed therapies. Recruitment for cohort 2 was stopped at seven patients because of scarcity of qualified patients.
Enrolled patients were ≥18 years old and had histologically and/or cytologically confirmed diagnosis of advanced solid tumor refractory to standard therapy (dose-escalation phase) or confirmed clear-cell mRCC (dose-expansion phase). Patient demographics and characteristics are presented in Tables 2 and 3. This study demonstrated that the combination of axitinib and crizotinib is tolerable in patients with advanced solid tumors, including mRCC. No patient experienced a doselimiting toxicity in the dose-escalation phase, and axitinib 5 mg twice daily (BID) in combination with crizotinib 250 mg BID was selected as the MTD. No new safety issues were identified given the known safety profile of both drugs, and a low proportion of patients had to discontinue therapy due to toxicity. Adverse event profiles are presented in Tables 4 and 5 .
The potential drug-drug interaction with combined use of axitinib and crizotinib was evaluated. Clinical data indicates that crizotinib is a moderate time-dependent CYP3A4/5 inhibitor whereas axitinib is primarily metabolized by CYP3A4/5 [15, 16] . Pharmacokinetic parameters for axitinib were calculated for each patient and treatment, as applicable, using noncompartmental analysis of concentration-time data (Table 6) . Details of pharmacokinetic effects of crizotinib on axitinib when coadministered are provided in Table 7 and Figure 2 . Coadministration of axitinib with crizotinib had no clinically meaningful effect on the pharmacokinetics of axitinib. Therefore, the potential efficacy of the axitinib-crizotinib combination was not compromised by reduced axitinib exposure in patients with mRCC.
The confirmed objective response rate (ORR) for treatment-naïve patients with RCC receiving axitinib in combination with crizotinib (30%; Table 8 ) was similar to results for single-agent axitinib versus sorafenib as first-line therapy in the phase III trial (32%) [13] . In all, 80% of patients in cohort 1 experienced some degree of tumor response (Fig. 3) . A randomized phase II trial of cabozantinib versus sunitinib (CABOSUN) reported an ORR of 46% for first-line pooror intermediate-risk patients with mRCC treated with cabozantinib [17] . The median progression-free survival (PFS) observed in the dose-expansion phase cohort 1 (treatmentnaïve patients) was 5.6 months (95% confidence interval [CI], 3.5-not reached), which was shorter than the PFS of axitinib single agent (10.1 months; 95% CI, 7.2-12.1) as first-line therapy versus sorafenib [13] . In CABOSUN, the reported estimated PFS for patients treated with cabozantinib was 8.2 months (95% CI, 6.2-8.8) [9] .
Biomarker analyses in the present study showed a trend toward lower baseline levels of HGF, IL-8, NGAL, TIMP1, and VEGFR3 associating with better radiographic responses. This result aligns with previous studies in patients with mRCC receiving VEGFR TKIs [18, 19] . Additionally, lower soluble MET levels following treatment (cycle 1 day 15 and cycle 5 day 1) were associated with longer PFS, which is consistent with a correlation between MET expression and poor prognosis [20] . Patients with mRCC whose tumors had a higher percentage of CD8 + cells (greater than or equal to the median for the cohort) at baseline experienced prolonged PFS (hazard ratio, 0.239; 95% CI, 0.061-0.940; p = .027; Fig. 4) . The prognostic value of CD8+ cells in patients with RCC treated with VEGFR TKIs, is controversial as higher amounts or density of infiltrating CD8 + T cells in tumor tissues was associated with both shorter survival and conversely longer disease-free survival [18, [20] [21] [22] [23] . Overall, the results of this study suggest that the prognostic value of these biomarkers in mRCC, in particular CD8 expression, warrant further exploration.
A limitation of this trial was the single-arm design with no monotherapy comparator groups, which precluded direct comparison of the combination treatment with the respective drugs used alone in the mRCC population. An additional limitation was halting of accrual in the dose-expansion phase cohort 2, precluding characterization of the combination in previously treated patients with mRCC.
In conclusion, the combination of axitinib and crizotinib in patients with solid tumors has a manageable safety and tolerability profile, consistent with the profiles of the individual agents when administered as monotherapy. The combination demonstrated antitumor activity in treatment-naïve patients with RCC. Given the more robust antitumor activity of cabozantinib, as well as promising trial data for newer immuno-oncology treatments, the antitumor activity reported here does not support further study of the combination of axitinib and crizotinib in mRCC.
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